Objective: To examine the association between health-related quality of life (HRQOL) and physical activity (PA). Methods: Cross-sectional data were obtained via a national telephone survey from 9173 respondents (30.9% response rate; 51.4% cooperation rate). Four indicators of HRQOL were measured: self-rated health, physically unhealthy days, mentally unhealthy days and activity limitation days. Prevalence estimates were calculated by body mass index (BMI) category and PA level. Logistic regression evaluated BMI as an effect modifier of the relationship between HRQOL and PA. Results: Inactive adults reported more fair to poor HRQOL than active adults, regardless of BMI category (Po0.001). BMI did not modify the association between PA and any of the four HRQOL indicators.
Introduction
The relationship between physical activity (PA) and healthrelated quality of life (HRQOL) among persons of varying body mass index (BMI) levels has not been previously examined in a national sample of adults. HRQOL has been defined as an individual's or group's perceived physical and mental health over time. 1 Results of previous studies 2, 3 have
shown that PA is associated with a better quality of life, a lower mortality rate 4, 5 and less risk of developing chronic disease. 6 Because physical inactivity is an important contributor to overweight and obesity, 7 the promotion of regular activity helps reduce people's risk for health problems related to overweight and obesity as well as those related to inactivity. Despite the proven benefits of PA, in 2001, fewer than 50% of US adults were classified as active at minimum levels to accrue health benefits. 8 Obese persons have been shown to be more likely to rate aspects of their HRQOL as poor, 9, 10 and results of several studies [11] [12] [13] have shown an inverse association between BMI and HRQOL. People who are obese are also at increased risk for premature death, type 2 diabetes, heart disease, stroke, hypertension, gallbladder disease, osteoarthritis, sleep apnea, asthma, breathing problems and some cancers. 5 Obesity has also been shown to be associated with high health-care costs 14 and poor HRQOL. 15, 16 The dose-response effects of PA on HRQOL has been previously reviewed by Spriduso and Cronin, 3 who found that participation in PA enhanced well-being and physical function among adults 65 years or older. In a descriptive analysis, Brown et al. 2 examined the relationship between the dose of PA and HRQOL among subjects stratified by age group and sex, and found that, in all strata, subjects who reported being regularly active were likely to have fewer unhealthy days than those who were inactive. Only two studies evaluated the association between PA and HRQOL, but BMI was not included as a covariate in either study. 2, 3 The effect of BMI on the association between PA and HRQOL is not well understood, and it is possible that BMI may account for the inverse relationship between PA and health. Using a random sample of adults throughout the US, we examined the relationship between non-occupational PA and HRQOL, and evaluated the extent to which BMI serves as an effect modifier of that relationship.
Materials and methods
We used data from the National Physical Activity and Weight Loss Study (NPAWLS) for which researchers from the University of South Carolina conducted a nationwide telephone survey from September 2002 to February 2003. The survey included questions about participants' overall health status and quality of life, the weight control measures they had taken, their participation in PA and their dietary practices. The overall objective of the survey was to obtain data on individual risk factors that adversely affect PA and nutrition.
Respondents were selected by use of a list-assisted, random-digit-dial sample of telephone-equipped households in the US. Sampling frames were constructed to yield higher percentages of selected minorities so that the final sample contained the desired percentages of Hispanic and nonHispanic black respondents. Non-residential, non-working, fax and modem numbers were filtered to increase the rate of connection with viable respondents. Respondents were selected from the total non-institutionalized US adult population. The referent population did not include institutionalized adults, those living in group quarters with 10 or more unrelated residents, those without a telephone and those who did not speak English or Spanish well enough to be interviewed.
Interviewers made a minimum of 15 attempts over at least 5 days to reach each sampled number. Interviewers asked the person who answered the telephone how many adults aged 18 years or over resided in the household, and to list them; the survey respondent was randomly selected from this roster. A total of 11 211 survey interviews were completed. The survey had a Council on American Survey Research Organizations response rate 17 (the number of completed interviews divided by the number of eligible units in the sample) of 30.9% and cooperation rate (the proportion of persons interviewed out of all eligible persons contacted) of 51.4%. We also selected an analytic population (n ¼ 9173) to examine the impact of BMI on the relationship between PA and HRQOL. From the original 11 211 respondents, we excluded pregnant women (n ¼ 167) and respondents with missing data about any quality of life variables (n ¼ 357), about PA participation (n ¼ 622), about height or weight (n ¼ 642), or about demographic characteristics (n ¼ 250).
The following four HRQOL questions that the Centers for Disease Control and Prevention (CDC) developed for use in the 1993 Behavioral Risk Factor Surveillance System (BRFSS) were included in the NPAWLS. Self-rated health was assessed by 'Would you say that in general your health is excellent, very good, good, fair or poor?' Number of physically unhealthy days was assessed by asking respondents, 'Now thinking about your physical health, which includes physical illness and injury, for how many days during the past 30 days was your physical health not good?' Similarly, respondents were asked to report number of mentally unhealthy days when asked, 'Now thinking about your mental health, which includes stress, depression and problems with emotions, for how many days during the past 30 days was your mental health not good?' The final HRQOL question assessed number of activity limitation days by asking, 'During the past 30 days, for about how many days did poor physical or mental health keep you from doing your usual activities, such as self-care, work or recreation?' We dichotomized responses to the first self-rated health question as good, very good or excellent versus poor and fair and responses to the other three questions as less than 14 days versus 14 days or more.
The PA questions used in this survey were the same as those asked in the PA module of the BRFSS. Respondents were asked if they engaged in moderate-intensity PA during a usual week for at least 10 min at a time. If they responded 'yes', they were asked to report the number of days/week and the average total time per day spent doing these activities. Similar questions were asked of respondents to determine their participation in vigorous-intensity PA. We used participants' responses to these questions to categorize their activity level (meets recommendations, insufficient, inactive) modified from the Surgeon General's report on PA and health, 5 and from a consensus statement by CDC and the American College of Sports Medicine. 18 We considered respondents as 'meeting recommendations' if they reported engaging in moderate-intensity PA X5 days per week for X30 min each day and/or vigorous-intensity PA X3 days per week for X20 min each day, or both. We classified their activity level as 'insufficient' if they reported some activity but at a lower level than that recommended and as 'inactive' if they reported no PA in a usual week. We calculated respondents' BMI from their self-reported height and weight (kg/m included descriptive statistics to characterize the sample using weighted percentages. We computed age-adjusted percentages and 95% confidence intervals (CIs) to describe the distribution of categorized responses to the HRQOL questions by respondents' BMI category and PA level; w 2 tests were used to test between-group differences for proportions, and calculated the age-adjusted prevalence of HRQOL for all combinations of BMI and PA. To evaluate the association between PA level and HRQOL, we constructed a series of four regression models, one model for each HRQOL indicator, and calculated both crude and adjusted odds ratios (ORs). We computed Wald F-statistics with corresponding P-values to determine whether there was a significant interaction between BMI and PA, as they relate to each of the four HRQOL measures. Weighted percents were calculated for each HRQOL indicator by PA level and BMI category.
Results
Of the 9173 persons in this sample, 4109 were men and 5064 were women (Table 1) . Roughly, a third of the sample were aged 18-34 years of age; 73% were non-Hispanic white, 11% were non-Hispanic black, 10% were Hispanic and 6% 'other'; 55% reported graduating from high school or attending some college; 58% reported being married; 37% were overweight and 21% were obese; 49% met moderate or vigorous PA recommendations, 38% were insufficiently active and 13% were inactive; 87% reported having excellent, very good, or good self-rated health, 9.2% reported more than 14 physically unhealthy days, 10.1% reported more than 14 mentally unhealthy days and 5.3% reported more than 14 activity day limitations in the past month.
Comparisons of the age-adjusted prevalence of HRQOL variables indicated that the prevalence of poor HRQOL among obese adults was significantly higher than that among overweight or normal weight adults (Table 2) . Twenty-three percent of obese adults reported fair or poor health, compared with 10% of normal weight and 12% of overweight adults. Respondents who were obese were more likely to have had 14 or more physically and mentally unhealthy days (13 and 12%, respectively) than were those of normal weight or those who were overweight (both 8 and 9%, respectively). The percentage who had had 14 or more activity limitation days was nearly twice as high among those who were obese than among those of normal weight (8 versus 5%).
Quality of life was consistently related to level of PA (Table 3 ). The age-adjusted percentage of adults with fair or poor health was significantly different (Po0.0001) among those who met PA recommendations (10%), those considered insufficiently active (13%) and those considered inactive (28%). The age-adjusted percentages of adults who had had 14 or more physically and mentally unhealthy days were both significantly higher among inactive adults (19 and 17%, respectively) than among insufficiently active adults (8 and 8%, respectively) or among those meeting PA recommendations (7 and 9%, respectively). Inactive adults were also three times more likely to have had 14 or more activity limitation days than were insufficiently active adults or adults meeting recommendations. We found no significant difference in the prevalences of 14 or more physically unhealthy, mentally unhealthy or activity limitation days among insufficiently active adults and among those adults meeting recommendations. Figure 1 shows the age-adjusted prevalences of fair or poor self-rated health, 14 or more physically unhealthy days, 14 or more mentally unhealthy days and 14 or more activity limitation days by BMI category and PA level. For each of the four HRQOL indicators, the prevalence of poor or fair HRQOL was inversely associated with levels of PA, regardless of BMI category (Po0.001). Likewise, the prevalence of adverse HRQOL was higher among obese persons compared to those of normal weight, regardless of PA level.
Inactive respondents were more likely to report poor or fair self-rated health (crude OR ¼ 2.94, (95% CI 2.39, 3.61)), X14 physically unhealthy days (crude OR ¼ 3.14, (95% CI 2.13, 3.36)) and X14 activity day limitations (crude OR ¼ 3.14, (95% CI 2.37, 4.18)) than were those who met recommendations (Table 4 ). In the adjusted model which adjusted for BMI, age, sex, educational level, marital status and race/ ethnicity, inactive respondents were shown to be more likely to report fair or poor health (OR ¼ 2.79, (95% CI 2.26, 3.44)), 14 or more physically unhealthy days (OR ¼ 2.58, (95% CI 2.05, 3.25)), 14 or more mentally unhealthy days (OR ¼ 1.79, (95% CI 1.42, 2.27)) and 14 or more activity limitation days (OR ¼ 3.00, (95% CI 2.26, 3.99)) than were those who met PA recommendations. Those categorized as insufficiently active adults were more likely to report fair or poor health than those who met recommendations (OR ¼ 1.35, (95% CI 1.13, 1.61)).
The adjusted ORs for the associations between PA level and quality of life indicators thus did not differ substantially from the crude ORs. We did not find BMI to be a significant effect modifier of the association between PA level and any of the four quality of life indicators.
Discussion
The results of our analyses showed that the PA level of survey participants was significantly associated with their HRQOL, regardless of their BMI status. Approximately 90% of adults who met recommended levels of PA rated their health as good or better.
In addition to the observation that HRQOL was inversely related to BMI, we found that obese adults were more likely than overweight or normal weight adults to report fair or poor HRQOL in four domains: self-rated health, number of physically unhealthy days, number of mentally unhealthy Association between HRQOL and PA J Kruger et al days and number of activity limitation days. As obese persons are less active than overweight or normal weight persons, it has been suggested that they may be more likely to suffer social, psychological and physical problems associated with inactivity. 20 At least one study has shown that weight-related impediments can be explained by intrapersonal factors that hinder participation in PA. 21 Moreover, although studies of the relationship between BMI and HRQOL are limited, at least two have shown that people who lose weight improve their HRQOL. 22, 20 Our findings are also consistent with those from a previous study showing a negative association between BMI and HRQOL. Association between HRQOL and PA J Kruger et al
Our findings broaden the understanding of the relationship between PA levels and HRQOL by demonstrating the impact of BMI on this relationship in a national sample of US adults. Our regression modeling showed that BMI did not modify the relationship between PA levels and risk for having fair or poor self-reported health or for having X14 physically unhealthy days, X14 mentally unhealthy days or X14 activity limitation days. Even after we adjusted for BMI, the relationship between activity level and HRQOL remained significant.
PA was associated with HRQOL in a consistent pattern across BMI categories. Our finding that inactive respondents were three times more likely to report X14 activity limitation days (OR ¼ 3.00, (95% CI 2.26, 3.99)) than those who were physically active were similar to results of a recent study based on 2001 BRFSS data, which showed them to be two times more likely to report 14 or more unhealthy days (OR ¼ 2.02, (95% CI 1.85, 2.21)). 2 Similarly, a systematic review of PA effects on quality of life 3 found that low levels of PA were related to poor physical function and disability. Association between HRQOL and PA J Kruger et al b Meets recommendations refers to those who engage in at least 30 min of moderateintensity activity on 5 or more days a week or at least 20 min of vigorous-intensity activity on 3 or more days per week, insufficiently active refers to those active but not meeting these recommendations and inactive refers to those who engage in no moderate-or vigorous-intensity activity. Those who meets recommendations are the referent group in each PA level (OR ¼ 1.0).
Association between HRQOL and PA J Kruger et al
Although we cannot determine causality from our study findings, our results suggest that persons who were more physically active experienced better health owing to a reduction in the number of physically and mentally unhealthy days than those who were inactive. Because of the cross-sectional nature of the data, it is also possible that those who are healthier are more able to be physically active.
There are several limitations to this study. First, because the data were cross-sectional, we were unable to determine the causality among PA, HRQOL and BMI. Second, because the survey did not ask respondents about pre-existing health conditions, we were unable to assess the extent to which such conditions contributed to reduced HRQOL and inactivity. Third, because BMI was based on self-reported weight, overweight and obesity may be underestimated. 23 Fourth, because this study was based on telephone survey data, it is not representative of persons who do not own a home telephone. In an effort to achieve a study sample that was proportionate to the 2000 US Census data for nonHispanic whites, non-Hispanic blacks and Hispanics, the sample design targeted black and Hispanic respondents and the study was administered in both English and Spanish. The low response rate (30.9%) was a result of non-working telephone numbers (45.2% of calls) and respondents who chose to hang up the telephone (16.4% of calls). The survey's low response rate may limit generalizability of the study results and the sample population may be different from the population of US adults they were selected to represent.
The results of this study showed that participation in regular PA was associated with better quality of life regardless of BMI. Given the high prevalence of inactivity and obesity/ overweight in the US, additional research in how best to promote increased levels of PA is needed, as are public health messages encouraging those who are inactive or insufficiently active to meet recommended levels of PA.
